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(54) Lnhcgraphic apparatus 

(57) A lithographic apparatus, e.g. using an electron 
beam, to expose a radiation sensitive layer on a sub- 
strate to the pattern on a mask comprising pattern areas 
and opaque support. The apparatus uses a beam hav- 



ing a trapezoidal profile to provide a more uniform ex- 
posure at sub-field stitches In the event of any positional 
inaccuracies. The trapezoidal beam profile is generated 
by changing the size or position of the ill umination bearin 
on the maBk during the course of an exposure period. 



Fig.2. 
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Description 

[0001] The present invention relates to a manner of 
control of the Illumination systenn In a lithographic appa- 
ratus. More particulariy, the invention relates to the con- s 
tfol of the lllumlnatbn systenn in lithographic projection 
apparatus comprising: 

a radiation system comprising a radiation source 
and an illumination system for supplying a projec- 
tion beam of radiation; 

a first movable object table provided with a masl< 
holder for holding a masic; 
a second movable object table provided wtth a sub- 
strate holder for holding a substrate; and 
a projection system for Imaging an Irradiated portion 
of the nriask onto a target portion of the substrate. 

[0002] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lerw"; how- 
ever, this term should be broadly imerpreted as ertconn- 
passing various types of projection system, including re- 
fractive optics, reflective optics, catadioptric systems, 
and charged particle optics, for example. The illumina- 
tion system may also include elements operating ac- 
cording to any of these principles for directing, shaping 
or controlling the projection beam of radiation, and such 
elenrrents may also be referred to below; collecthrely or 
singularly, as a "lensV In addition, the first and second 
object tables may be referred to as the 'masktable' and 
the "substrate table", respectively. Further, the litho- 
graphic apparatus may be of a type having two or mora 
masktablesand^ortwoornrtore substrate tables. In such 
'multiple stage" devices the addit'ional tables nnay be 
used in parallel, or preparatory steps may be can-ied out 
on one or more stages while one or more other stages 
are being used for exposures. Twin stage lithographic 
apparatus are described in International Patent Appli- 
cations WO 98/28665 and WO 98/40791 , for example. 
[0003] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICS). In such a case, the mask (reticle) may con- 
tain a circuit pattern corresponding to an Individual layer 
of the IC, and this pattern can be imaged onto a target 
area (die) on a substrate (silken wafer) which has been 
coated with a layer of photoser^itive material (resist). In 
general, a single water will contain a whole network of 
adjacent dies which are successively irradiated via the 
reticle, one at a time. In one type of lithographic projec- 
tion apparatus, each die Is Irradiated by exposing the 
entire reticle pattern onto the die in one go; such an ap- 
paratus Is commonly referred to as a wafer stepper. In 
an alternative apparatus - which is commonly referred 
to as a step-and-scan apparatus - each die Is Irradiated 
t)y progressively scanning the reticle pattern under the 
projectran beam in a given reference directbn (the 
■scanning* directton) while synchrorously scanning the 
waf r table parallel r anti-parallel t this diredkin; 



since, in general, the projectkm system will have a mag- 
nification factor M (generally < 1). the speed v at which 
the wafer table is scanned will be a factor M tlrrtes that 
at which the reticle table Is scanned. More infornrtatton 
with regard to lithographk; devices as here described 
can be gleaned from International Patent Application 
WO 97/33205. 

[0004] In a lithographic apparatus, the size of features 
that can be imaged onto the wafer is limited by the wave- 
length of the projectkin radiatk^. To produce integrated 
circuits with a higher density of devices and hence high- 
er operating speeds, it is desirable to be able to image 
smaller features. Whilst most current lithographic pro- 
jection apparatus employ ultravtolet light generated by 
mercury lamps or exclmer lasers, it has been proposed 
to use higher frequency (energy) radiation, e.g. EUV or 
X-rays, or particle beams, e.g. electrons or ions, as the 
Illumination radiation in lithographic apparatus. 
[0005] However, the glass or quartz plates on which 
a conventional reticle pattern is defined are generally 
not transparent to some of these forms of lllumlnatton 
radiatksn. As an alternative in the case of charged-par- 
tlcle lithography, for example, the reticle is formed of a 
nnaterial, e.g. metal, that is opaque to the form of radia- 
tion used and in which apertures are cut to define the 
rettele pattern. To avoid the need to provkJe obscuring 
support arms to opaque islands in the pattern, the reticle 
pattem Is divided into a plurality of sub-pattenris sepa- 
rated by supporting struts. The complete pattem is cor- 
rectly Innaged on the wafer by Introducing successive 
shifts In the lllumlnatton beam after It has passed 
through each sub-pattern. This type of arrangement is 
sometimes referred to as a "ertartted mask" and an ex- 
ample is disclosed in US 5,079.112. 
[0006] General Informatton with regard to the use of 
electron beams in lithography can be gleaned, for ex- 
ample, from US 5,260,151. 

[0007] As disclosed h EIPBN, May 1 998 AE6. •Criti- 
cal dimension control at stitched sub-fiekt boundaries in 
a high-throughput SCALPEL system', If the beam Inten- 
sity pnc^le of the illumination radetion is rectangular, 
then any positional friaccuracy In the stitching process 
will result In a substantial dose error. Such a stitching 
procedure using rectangular beam profiles is some- 
times referred to as "simpty-butted" and if the beam po- 
sitbr)s are not accurate there will be a region of no dose 
or double dose atong the stitch seams. The EIPBN ar- 
ticle therefore proposes the use of a trapezoidal beam 
profile and deliberate overlap in the stitching process. 
Poslttonal Inaccuracies then result In smaller dose er- 
rors. 

[0008] The EIPBN article does not. however, disctose 
any method for generating an illumination beam hav'ng 
the desired trapezoidal Intensity profile. 
[0009] An object erf the present Invention is to provide 
a convenient means df generating an illumination beam 
having a trapezoidal ^tensity profile In a lithographic 
projectton apparatus. 
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3 EPO! 

[001 0] According to the present invantton there is pro- 
vided a lithographic projection apparatus for imaging of 
a mask pattern In a mask onto a substrate provided with 
a radiation sensitive layer, the mask having a plurality 
of transmiseive regions lx)unded by opaque regions, the 
apparatus comprising: 

a radiation system comprising a radiation source 
and an Illumination system tor generating an illumi- 
nation beam; 

a first movable object table provided with a mask 
holder for holding a mask; 

a second movable object table provided with a sub- 
strate holder for holdhg a substrate; and 
a projection system lor imaging In-adtated portions 
of the mask onto target portions of the substrate; 
characterised in tliat 

said illumination system Is embodied to change the 
size or position of the illumlnatton beam on the mask 
during the course of an exposure period of at least 
part of a given transmissive region so as to generate 
an effective trapezoidai beam profile. 

[0011] The term '^transmissive region' is intended to 
refer to a region df the mask which is at least sul^tan- 
tially transparent to the illumlrtatton radiation used. 
[001 2] With the present invention it is possble to eas- 
Ity generate the desired beam profile using electronic 
control of the beam size or position. 
[001 3] According to a yet further aspect of the Inven- 
tion there is provWed a method of manufacturing a de- 
vice using a lithographic projectbn apparatus compris- 
ing: 

a radiation system comprising a radiation source 
and an illumination system for generating an illumi- 
nation beam; 

a first nrtovable object table provided with a mask 
holder for hokltng a mask; 
a second movable object table provided with a sub- 
strate holder for holding a sut>strate; and 
a projection system for imaging in-adialed portions 
of the mask onto target porttons of the substrate 
provkled with a radiatk^n-sansitive layer, so as to 
partially overlap; characterised In that 
the size or position of the illumination beam on the 
nrtask is changed during the course of an exposure 
period of at least part of a given transmissive region 
so as to generate an effective trapezo'dal beam pro- 
flle. 

[001 4] in a manufacturing process using a lithograph- 
ic prc^actk^n apparatus according to the inventbn a pat- 
tern In a nnask is imaged onto a sut>strate which Is at 
least partially covered by a layer of energy-sensitive ma- 
terial (resist). Prk>r to this imaging step, the substrata 
may undergo various procedures, such as priming, re- 
sist coating and a soft bake. After exposure, the sub- 
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strate may be subjected t other procedures, such as a 
post-exposure bake (PEB), development, a hard bake 
and measurement/inspection of the imaged features. 
This array of procedures Is used as a bas\s to pattern 

s an individual layer of a device, e.g. an IC. Such a pat- 
terned layer may then undergo various processes such 
as etching, ion-implantatton (doping), metallisation, ox- 
idation, chemo-mechanicai polishing, etc., all intended 
to finish off an indlvWual layer, if several layers are re- 
quired, then the whole procedure, or a variant thereof, 
will have to be repeated for each new layer. Eventually, 
an array of devices will be present on the substrate (wa- 
fer). These devices are then separated from one anoth- 
er by a technique such as dicing or sawing, whence the 

fS individual devices can be nmunted on a carrier, connect- 
ed to pins, etc. Further information regarding such proc- 
esses can be obtained, for example. Irom the book 'Mi- 
crochip Fabricatkxi: APracticai Qukfe to Semiconductor 
Processing", Third Editkan. by Peter van Zam, McGraw 

20 Hill Publishing Co.. 1997, ISBN 0-07-067250-4. 

[0015] Although specific reference may be nrtade in 
this text to the use of the apparatus according to the 
Invention In the manufacture of ICs. it should be explk^- 
rtly understood that such an apparatus has many other 

ss possble applications. For example, it may be empkayed 
in the manufacture of integrated optical systems, guid- 
ance and datectnn pattens for magnetic domain mem- 
ories. Ik^uid-crystal display panels, Ihh-fiim magnetic 
heads, etc. The skilled artisan will appreciate that, in the 

30 context of such alternative applications, any use of the 
terms 'retlcie". 'wafer* or "die" In this text should be con- 
sidered as being replaced by the more general terms 
'mask', "substrate" and target area", respectively. 
[001 6] In the present document, the terms illumination 
radiatton and Illumination beam are used to encompass 
all types of electroma^etic radiation or partble flux, in- 
cluding, but ndt limited to, ultraviolet radiation. EUV. X- 
rays, electrons arKi Ions. 

[0017] The present invsntbn will be described below 
40 with reference to exemplary embodiments and the ac- 
companying schematb drawings, in whteh: 

Figure 1 deptets a lithographic projection apparatus 
according to a first embodiment of the invention; 
45 Figure 2 Is a plan view of a strutted rettele showing 
the scanning directions that may be used in embod- 
iments of the Invention; 

Figure 3 illustrates the ovsriap between beams in a 
stitching process; 
so Figures 4A to C Illustrate the stitching process arK* 
resultant dose in the cases of correct and incorrect 
beam posltkviing; 

Figure 5 is a part'el view of a reticle illustrating the 
n^ner of generation of the beam profile according 
55 to a first embodiment of the Invemksn; 

Figure 6 is a partial view of a reticle illustrating the 
manner of generation of the beam profile according 
to a second erribodimsnt of the tnventnn; and 
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Figure 7 is a partial view f a reticle illustrating the 
manner of generation of the beam profile according 
t a third embodiment o1 the inventbn. 

[OCyiB] In the drawings, like refererce nunr^rals indi- 
cate like parts. 

Embodiment 1 

[0019] Figure 1 schenriaticalty depicts a lithographic 
projectkin apparatus according to the Invention. The ap- 
paratus comprises: 

• a radiation system LA Ex. IN. CO for supplying a 
projection beam PB ot radiatkjn {e.g. UV or EUV 
radiation); 

• a first object table (mask table) MT provided with a 
mask holder for holding a mask MA (e.g. a reticle), 
artd connected to first positioning means lor accu- 
rately positioning the mask, with respect to item PL; 

• a second object table (substrate table) WT provided 
with a substrate holder for holding a substrate W (e. 
g. a reslst-coated silicon wafer). ar>d connected to 
second positioning means for accurately position- 
ing the substrate with respect to item PL; 

• a projection system ("lens") PL (e,g. a refractive or 
catadbptric system, a mirror group or an array of 
Held deflectors) for Imaging an Irradiated portion of 
the nr^k MA onto a target portbn C (d ie) of the sub- 
strate W. 

As here depicted, the apparatus is of atransmtssrve type 
(i.e. has a transmissive mask). However. In general, it 
may also be of a reflective type, for example. 
[0020] The radiation system comprises a source LA 
(e.g. a Hg lamp, excimer laser, an undulator provkied 
around the path of an electron beam in a storage ring 
or synchrotron, or an electron or ion beam source) whk^ 
produces a beam of radiation. This beam is passed 
along various optical components comprised in the Illu- 
mination system. - B.g. beam shaping optics Ex. an in- 
tegrator IN and a corwlenser CO - so that the resultant 
beam PB is substantially colltrmted and uniformly in- 
tense throughout its cross^section. 
[0021] The beam PB subsequently Intercepts the 
mask MA which is held in a mask holder on a mask table 
MT Having passed through the mask MA. the beam PB 
passes through the lens PL, which focuses the beam 
P B onto a target area O of the substrate W. With the aid 
of the Interterometric displacement and measuring 
means IF, the substrate table WT can be nrraved accu- 
rately, e.g. so as to posltk^n different target areas C in 
the path of the beam PB. Similarly, the first posittoning 
means can be used to accurately posrtton the mask MA 
with respect to the path of the beam PB, e.g. after me- 
chanical retrieval of the mask MA from a mask library. 
In general, nrravement of the object tables MT. WT will 
be realized with the aid of a bng stroke rinodule (course 



positksning) and a sh rt stroke module (fine positioning), 
whteh are not explicitly depicted In Figure 1 . The depfct- 
ed apparatus can be used in two different modes: 

5 • In step mode, the mask table MT is kept essentially 
stationary, and an entire mask image Is pnDjected in 
one go ft a a single flash") onto a target area C. 
The substrate table WT is then shitted in the x and/ 
or y directbns so that a different target area C can 

10 be irradiated by the beam PB; 

• In scan mode, essentially the sanrte scenario ap- 
plies, except that a given target area C is not ex- 
posed in a single "flashV Instead, the mask table 
MT is movable In a given dlrectksn (the so-called 

IS ""scan direction', e.g. the x directksn) with a speed 
\>, so that the projectkxi beam PB Is caused to scan 
over a mask image; concurrently, the substrate ta- 
ble WT Is simultaneously moved In the same or op- 
posite direction at a speed V = ^ft/; In whk:h JW is the 

20 nnagnification of the lens PL (typically, = 1/4 or 
1/5). In this manner, a relatively large target ar^ C 
can be exposed, without having to conrpromise on 
re^lutk»i. 

2S [0022] Figure 2 shows a reticle in plan and the 
scheme by whk:h it can be scanned with an lllumlnatton 
beam. As shown, the reticle 1 comprises an array o1 
elongate sub-flekls 2 (e.g. of length 12mm) separated 
by struts 3. The reticle is illuminated by, e.g., a square 

so beam of 1 x 1 mnn^ size. The beam must Illuminate each 
sub-field for a sufficient perktd to deliver a dose to ex- 
pose the resist on the substrate wafer. By way of an ex- 
annple, if the resist sensitivity Is lOMC/cm^, the beam 
current 10>iA and the magnificatksn 1/4 then the time 

3S required to expose each (sub-) field fe 625^is. 

[0023] The scanning scheme used. whk:h is krK)wn in 
the prior art, is to scan across the widths of the sub-fiekis 
In the direction o1 arrow B. stepping across the struts to 
avokj excessive heating, and to mechanically scan the 

40 water and reticle ak^ng the lengths of the sub-flekis, In 
the directran of arrow A (mutually parallel or anti-paral- 
lel). 

[0024] Ab shown In Figure 3, the beanrts 5a and 5b 
used to scan adjacent sub-fiekis 2 have trapezoidal (in- 

45 tensity) profiles. In the stitching process, the beams 5a, 
5b are shifted sideways so that they overlap on the wafer 
4 In region 6. As shown In Figure 4A, If the beams are 
correctly positioned then the net radiation dose 7a in the 
overlap region 6 is equal to that in the main beam por- 

^0 tlon. 

[0025] The effects of small misalignments are shown 
In Figure 4B and 4C. It the beams are slightly too far 
apart, then the net dose is slightly reduced in the overlap 
regton, as shown by dashed line 7b. If the beams over- 
55 tap too much, then the net dose is slightly Increased, as 
shown by dashed line 7c. The slight under or over dose 
In either case is not as detrimental as the double dose 
or no dose that occurs in the event of misalignment 
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when using a simply-butted stitching technique. 
[0026] Figure 5 is a partial view of one mask sub-field 
and illustrates how the desired beam profile is achieved 
according to one embodiment of the invention. 
[0027] The sub-field 2 is surrounded by the strut 3 and 
has around its edge a blending area 21 . the pattern of 
which is repeated In the blending area of the adjacent 
sub-field. The inside edge of the strut 3 is provided with 
a skirt 31 which has no pattern on it. 
[0028] The illumination system (ncrt shown) projects 
a square Illumination beam 5 of unttomi-lnienslty illumi- 
nation radiation on to the sub-field 2. The illumination 
beam 6 is arranged to be equal in width (in the Y-direc- 
tion) to the main sub-field portion 20 plus the width of 
one side of the blending area 21. Thus the illumination 
beam Is smaller than the distance between the skirts 31 
of the struts 3. 

[0029] The desired trapezoidal beam profile Is 
achieved according to the inventkm by scanning the 
beam rapidly within the sub-field in the direction of arrow 
B, I.e. perpendicular to the length of the sub-field 2. The 
illumination profile shown in Figure 3 is thus built up as 
the sum of a plurality ot scans back and forth In direction 
B. 

[0030] A trapezoidal profile along the longitudinal di- 
rection of the sub-field Is also necessary 11 the beam Is 
stepped in that direction, and this is achieved by effect- 
ing a nnovement In the directton of arrow A (I.e. along 
the length of the sub-field) thai is much slower than that 
In the direction of arrow B. 

Embodiment 2 

[0031] Figures is a view son ilar to Figure 5 but show- 
ing how the desired beam profile Is achieved according 
toa secorKj embodiment of the invention, in this embod- 
iment, the shape of the itIuminatkDn beam is defined by 
the overlap of two apertures 11, 12 in the illumination 
system, more precisely by the overlap of the image of 
one aperture on the other. The desired beam profile Is 
obtained by shifting the image of the first aperture 11 on 
the second aperture 12 and by sh'rftlng the In^ge ot the 
second aperture on the reticle, both motions occurring 
along the diagortal direction C. In a preferred embodi- 
ment the illumination beam is Initially set to cover only 
(part of) the main sub-field area 2 and is gradually en- 
larged to cover also (the corresponding part of) the 
blending area 21 during thecourse of the exposure. The 
illumination profile shown in Figure 3 is thus built up as 
the sum (Integration) of the lllumlnalton during the ex- 
posure period. As an alternative, the illumination beam 
may be initially set broadly and reduced In size during 
the course of the exposure. 

Embodiment 3 

[0032] A third embodiment of the invention Is shown 
in Figure 7 and is particularly adapted for use with 



square or nearly square rectangular sutyfiekJs (e.g. with 
an aspect ratio of from 1:1 to 2:1) that may be flash- 
illuminated, .g. in an electron beam direct-write appa- 
ratus. The square sub-fleW 2* is illuminated by beam 5 

5 which rennains stationary but is changed in size during 
the exposure to create the effective trapezoktel beam 
profile. At the beginning of an exposure the beam is 
turned on with a size matching the non-overlapped area 
of the sub-field and is expantied steadily In both X and 

10 Y directtons during the exposure until it additionally cov- 
ers the blending area 21 arourx! the periphery of the 
sub-field 2'. Alternatively, the apparatus can be ar- 
ranged to project a large beam InKiaily covering the 
whole sub-field 2', Including blending area 21, and to 

IS reduce the size of the beam during the exposure. 
Throughput may be Improved further by exposing suc- 
cessive sub-fiekls alternately with expanding and con- 
tracting beams. This avokte the need to reset the beam 
shaping elements between exposures. It may further be 

20 possible to expose a square or nearly square sub-field 
with an orbiting movement of a beam of constant size 
(so that there is oscillatory motion in both the X and Y 
directions). 

[0033] in embod iments of the invanlran for use in elec- 
ts tron or ion beam lithography, for example, the beam 
shape nnay be controlled electronk:ally by shifting the 
images of two shaping apertures as described in, ar>d 
using the apparatus of, co-pending European Patent ap- 
plication no. 98201 &97.8 (P-0113). 
30 [0034] Whilst we have described alcove a specifte em- 
bodiment of the Invention It will be appreciated that the 
invention nnay be practiced otherwise than described. 
The descrlptkjn is not Intended to limit the invention. 

3S 

Claima 

1. A lithographic projection apparatus for imaging of a 
mask patlem in a mask onto a substrate provided 
40 with a radlatk:tn sensitive layer, the mask having a 
plurality of transmissive regions bounded by 
opaque regbns. the apparatus comprising: 

a radiation system comprising a radiation 
45 source arxJ an illumination system for generat- 

ing an illuminatksn beam; 
a first movable object table provkied wtth a 
mask holder for holding a mask; 
a second movable object table provided with a 
so substrate holder for holding a substrate; and 

a projectbn system for imaging irradiated por- 
tions of the mask onto target portions of the 
substrate; characterised in that: 
said illumlnatk>n system is embodied to change 
55 the size or position of the illumination beam on 

the mask during the course of an exposure pe- 
riod of at least part of any given transmissive 
regkin so as t generate an effective trapezoi- 
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dal beam profile. 

2. An apparatus according t claim 1 , wherein said il- 
lumination system Is embodied to generate an Illu- 
mination beam having a width less than the width 
of the transmlssive region to be illuminated, and to 
scan said illumination beam across said transmls- 
sive region during the course of the exposure peri- 
od. 

3. An apparatus according to claim 2, wherein said Il- 
lumination system is embodied to scan said illumi- 
natbn beam across the width of said transmissive 
region a plurality of times during the course of an 
exposure period. 

4. An apparatus according to claan 1 , wherein a given 
transmissive regbn comprises an overlap portion 
whose Image will overlap on the substrate with the 
image of a part of an adjacent trartsmissive region, 
and a rKinoverlap portion whose Image will not 
overiap with the image of an adjacent transmissive 
region, and said Illumination means is adapted to 
generate an illumination beam to illuminate sub- 
stantially only said non-overlap portion of said 
transmissive region at the beginning of an exposure 
period and to increase the size of the illumination 
beam to additionally illuminate substantially said 
overiap portion of said trartsmissive region during 
the course of said exposure period. 

5. An apparatus according to claim 1 wherein a given 
transmissive region comprises an overfap portion 
whose image will overlap on the substrate with the 
image of a part of an adjacent transmissive region. 
and a non-overiap portion whose image will no\ 
overlap with the image of an adjacent transmissive 
region, and said illumination means Is adapted to 
generate an illumination beam to illumirtate sub- 
stant^ly said non-overiap portion and said overlap 
portions of said transmissive region at the begin- 
ning of an exposure period, and to reduce, during 
the course erf said exposure period, the size of the 
illumination beam so as to illuminate substantially 
only saU non-overlap ponion of said transmissive 
region at the end of said exposure period. 

6. An apparatus according to claim 4 or 5 wherein said 
transmissive region is substantially square. 

7. An apparatus according to claim 4 or 5 wherein said 
transmissive region is elongate. 

8. A method of nwiufacturing a device using a litho- 
graphic projection apparatus comprising: 

a radiation system comprising a radiation 
source and an illumination system for generat- 



ing an illumination beam; 
a first movable object table provided with a 
mask holder for holding a masic; 
a second movable object table provided with a 
s substrata holder for holding a eufcistrate; and 

a projectbn system for Imaghg irradiated por- 
tions of the masic onto target portions of the 
substrata provided with a radiation-sensitive 
layer, so as to partially overlap; characterised 
in that 

the size or position of the Illumination beam on 
the mask is changed during the course of an 
exposure period of at least part of a given trans- 
missive region so as to generate an effective 
trapezoidal beam profile. 

9. A device manufactured according to the method of 
c^m a 
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